Relationships between students' reactions towards problem-based learning and their learning styles : implications for science teaching and teacher education by Leite, Laurinda et al.
 Relationships Between Students’ Reactions Towards Problem-
Based Learning And Their Learning Styles: Implications for Science 
Teaching and Teacher Education 
 
 
Laurinda Leite, Luís Dourado and Esmeralda Esteves 
Centro de Investigação em Educação, Universidade do Minho, Portugal 
 
 
Abstract 
 
Learning may be conceptualized as the process whereby knowledge is created through the 
transformation of experience. The ways people use to learn depend on their learning style, 
being some of the learning styles better facilitators of autonomous learning than others. Kolb 
classifies people according to their learning styles, as follows: converger, a person whose 
greatest strength lies in the practical application of ideas; diverger, a person whose greatest 
strength lies in creativity and imaginative ability; assimilator, a person whose greatest 
strength lies in the ability to understand and create theories; accommodator, a person whose 
greatest strength lies in carrying out plans and experiments and involving themselves in new 
experiences. Honey-Alonso also classified people in categories according to their learning 
style. These categories relate to Kolb’s ones as follows: convergers are pragmatic; 
assimilators are theoretical; divergers are reflective; and accommodators are active. Science 
problem based learning is a teaching approach that requires students to learn «new» ideas 
by solving problems. Hence, it requires students to engage actively in the learning tasks, to 
take initiative and to be reflective. However, the activities to be developed within a PBL 
setting may be more consistent with certain learning styles than with others. Bearing in mind 
that students usually feel uncomfortable with the lack of guidance given to them in PBL-
based classroom settings, this paper tries to find out whether there is a relationship between 
learning styles and students’ reactions towards PBL. Data were collected from 9th graders 
(two classes) that had learned the physical sciences topic Electricity through a PBL 
approach. The subjects answered to a questionnaire on pupils reactions towards PBL and to 
another questionnaire (CHEAE) on learning styles. Data analysis being carried out includes 
classification of students with regard to both their reactions towards PBL and their learning 
styles. Afterwards, the relationship between the two will be studied. The results of this study 
will be useful for teachers to deal with the diversity of students that will participate in future 
research focusing on PBL-based science learning, As this methodology match better to 
 certain learning styles than to others, teachers my need to find ways of attending to the 
diversity of their students’ learning styles. 
 
Introduction 
 
Problem-Based Learning (PBL) is a teaching approach whereby learning occurs through 
students’ problem solving. Students have to decide what to do and how to do it in order to 
find an answer to the problem being solved. Depending on the scope of the problem as well 
on the nature of the issue focused on it, students may need to perform a variety of activities, 
with diverse levels of complexity and degrees of openness. Some of those activities may be 
more structured and others more ill-defined. A consequence of this is that some students 
enjoy the challenge of PBL and others reject the teaching approach for the feeling of 
insecurity that it brings to them. As a matter of fact, students have different preferred 
Learning Styles (LS) and the activities that may be developed within a PBL setting may be 
more consistent with certain LS than with others. This LS based explanation may help one to 
understand the existence of different reactions towards PBL. A few research studies have 
started to explore possible relationships between PBL and LS. However, as far as it is 
known, none of them concentrated on science teaching in the secondary school. Bearing in 
mind that research indicates that some students feel uncomfortable with the lack of guidance 
given to them in PBL-based science classroom settings, and that this discomfort may impair 
learning to occur, it seems worthwhile investigating whether, or not, there is a relationship 
between LS and students’ reactions towards science PBL in order to find the best ways of 
optimizing students’ learning in science. 
 
 
Objective 
 
Based on the argument built in the previous section, the objective of this piece of research is 
to find out whether there seems to be a relationship between LS and junior high school 
students’ reactions towards science PBL. 
 
 
Theoretical background 
 
Learning styles 
 
One way of conceptualizing learning is as “the process whereby knowledge is created 
 through the transformation of experience” (Kolb 1984, 38). When doing that transformation 
people can use a multitude of approaches, namely: watching, listening, thinking, acting, 
visualizing, reasoning, memorizing, imagining and modelling (Felder and Silverman 1988). 
Nevertheless, they may use some approaches more than others, depending on what they 
feel about them in terms of the role they can play in successful learning achievement. As 
Kolb (1984) pointed out, each individual tends to find the best ways of learning from both 
formal and informal settings in order to survive in an ever-changing knowledge society. With 
regard to formal settings, the ways an individual tends to use to learn and their relative 
efficacy depend not only on the teaching contexts, on the characteristics of those contexts, or 
on student’s gender or motivation to learn, but also on his/her characteristics as a learner 
(Felder and Brent 2005). The Learning Style is one of the learners’ characteristics that affect 
both the process and the result of a learning process. According to Kolb (1984), LS are a sort 
of personal variables that lay somewhere between intelligence and personality and explain 
the individual different ways of approaching, planning, and answering to the learning 
challenges. 
Several authors have concentrated on the study of LS and developed instruments to 
characterise individuals according to their preferred LS. Those studies led to the 
development of more than 70 instruments (Coffield et al. 2004; García Cué, Santizo Rincón 
and Alonso García 2009) although most of them are varieties of a rather smaller number of 
different instruments. The majority of such instruments are Likert-type questionnaires with 
dozens of items. According to García Cué, Santizo Rincón and Alonso García (2009), most 
of them are written in English and have been used in research studies carried out in 
countries like the USA, Canada, and Great-Britain. This group of Learning Styles Instruments 
includes the well-known Kolb’s Learning Style Inventory. In Ibero-American countries, the 
most used Learning Styles questionnaire is the Cuestionário Honey-Alonso de Estilos de 
Aprendizaje (CHAEA), which is also a Likert-Type questionnaire that was originally written in 
Spanish (Alonso, Gallego and Honey 1997) and later on was translated to Portuguese and 
validated to Portuguese higher education population by Miranda (2005).  
In order to characterise people’s LS, Kolb developed a LSI based on the idea of a four 
phases learning process (Cassidy 2004), going from concrete to abstract reasoning, as 
follows: concrete experience; reflexive observation; abstract conceptualization; and active 
experimentation. Kolb (1984) classifies people according to their preferred LS, as follows: 
converger, a person whose greatest strength lies in the practical application of ideas; 
diverger, a person whose greatest strength lies in creativity and imaginative ability; 
assimilator, a person whose greatest strength lies in the ability to understand and create 
theories; accommodator, a person whose greatest strength lies in carrying out plans and 
experiments and involving themselves in new experiences. Although brief, these definitions 
 suggest that some of the LS may be better facilitators of autonomous learning than others.  
In order to classify people according to their preferred LS, Alonso, Gallego and Honey (1997) 
developed a questionnaire (CHAEA) based on things they believe one does when embedded 
into a learning situation, namely: live an experience; transmit the experience; draw 
conclusions from the experience; plan a follow-up experience. They classified people 
according to their predominant LS as follows: pragmatists value knowledge application; 
theoretical value knowledge generalization and hypothesis formulation; reflective value 
reflection upon experience; active value the living of an experience. 
Kolb’s and Honey-Alonso’s LS taxonomies may be interrelated as shown in Table 1. 
 
Table 1: Relationship between Kolb’s and Honey-Alonso’s LS categories 
People LS classification  
People’s characteristics Kolb (1984) Alonso et al. (1997) 
Convergers Pragmatists 
Strength: practical application of ideas  
Value: knowledge application 
Assimilators Theoretic 
Strength: understand and create theories 
Value: generalization and hypothesis 
formulation 
Divergers Reflexive 
Strength: creativity and imaginative ability 
Value: reflection upon experience 
Accommodators Activists 
Strength: carry out plans & experiments 
Value: the living of an experience  
As individuals that prefer different LS have diverse strengths and value different learning 
experiences, because some are more willing to carry out autonomous learning than others, 
awareness of students’ LS gives teachers some insight on how to develop their lifelong 
learning competences as well as their characteristics as future entrepreneurs.  
As it is most probable that students preferring all the LS co-exist in a given classroom 
context, teachers need to be able to cope with and value this LS based diversity in their 
students. In fact, there is some evidence that dealing appropriately with the diversity of 
students’ LS:  fosters students’ attitudes towards the school subject; has a positive effect on 
education; and enables educators to explore students’ potential as learners. As different LS 
require different teaching resources and strategies, teachers may have to find the best ways 
to deal simultaneously with students that prefer the different LS.  
 
Problem-based learning 
 
PBL is an active learning and student-centred teaching approach that requires students to 
 learn «new» ideas by solving problems (Boud and Feletti 1997; Lambros 2004; Savin-Baden 
and Major 2004). A PBL sequence starts by students being asked to bring problems to the 
class or by the teacher choosing/preparing a scenario to present to the students (Leite and 
Afonso 2001). In the next step students share and reformulate their problems or formulate 
problems from the scenarios chosen/adapted by the teacher. Next, small groups of students 
make plans to solve problems, carry out such plans, and evaluate their own progress on the 
tasks (Goodnough and Cashion 2006). In the end, the whole class discusses the problem 
solutions and evaluates the problem-solving methodologies used for their relative efficacy 
(Barell 2007; Lambros 2004). 
Hence, in a PBL setting problems is the starting point for students’ learning (Watts 1991; 
Boud and Feletti 1997; Lambros 2004). Therefore, problems need to be carefully selected 
because they are the main determinants of the new ideas that students will learn. In fact, 
these ideas depend on the concepts and skills that are required to build up an answer to the 
problem (Akinoğlu and Tandoğan 2007; Dochy et al. 2005).  
In a PBL learning environment, students are at the centre of the teaching and the learning 
processes because problems to be solved should be those that are of interest to students 
rather than those that are of interest to the teacher or to the curriculum developers. 
Therefore, problems selection should attend to the criteria of students’ interest. To some 
authors (Akinoğlu and Tandoğan 2007; Barell 2007), this means that they should be, or at 
least should seem to be, real problems. 
In addition, students play an active role in the learning process because it is up to them to 
find out an answer to the problem or even to conclude that the problem has no answer 
(Leite¶ Afonso 2001). The teacher will not be allowed to tell them the «right answer» partly 
because when real problems are at stake they do not have a single right answer (Grindstaff 
and Richmond, 2008). 
Students do deep learning by solving problems because in order to overcome the barrier that 
the problem imposes to them they need to use previously acquired procedural and 
conceptual knowledge, to look for other relevant knowledge and to develop new procedural 
competences. Moreover, they need to integrate all these varieties of knowledge in a coherent 
system that makes senses to them, has no internal contradictions and is fruitful in the sense 
that it leads them to acquire new knowledge - the answer to the problem.  
For what has been said so far, it turns evident that in a PBL setting, teachers do not teach in 
the usual sense (Lambros 2004; Woods 2000). As it has been argued by some authors (e.g., 
Bonals 2000; Lambros 2004; Savin-Baden and Major 2004), they rather: stimulate students’ 
curiosity and provide them with learning opportunities, namely when they decide about the 
problems that will be solved and on the way they will be presented to the students; guide 
students’ work towards learning, keeping them on the track during the work sessions, not 
 giving answers but rather asking questions; and ascertain that learning took place, namely 
when problem solutions are presented to the class and their discussion takes place.  
Despite the fact that it started in medical schools, PBL has been introduced in an ever-
growing diversity of subject areas, from the scientific to the humanities or the technical and 
professional ones (Camp 1996). It has also entered school science teaching (Gandra 2001; 
Esteves, Coimbra and Martins 2006; Carvalho 2009), namely into Portugal, although in a 
non-systematic way.  
Research carried out so far indicates that not only students can learn science concepts 
through PBL but also that most science students seem to enjoy this teaching methodology 
(Esteves and Leite 2005; Esteves, Coimbra and Martins 2006). However, other students feel 
a bit uncomfortable with it for it is its low level of structure that makes them feel lost. As PBL 
requires students to engage actively in the learning tasks, to take initiative and to be 
reflective, students’ adhesion to PBL may depend on their characteristics as learners, 
namely on their preferred Learning Styles. 
 
Learning styles and problem-based learning  
 
In a PBL learning environment students are required to perform a diversity of tasks in an 
autonomous basis. Some students enjoy it while others feel confused, anxious and even 
frustrated. Teachers’ challenge when using PBL is to find the right balance between being 
supportive of students while stepping back from the instruction process (Pepper 2009). 
Hence, there is a question that deserves an answer: is success on PBL environments 
dependent on students’ preferred LS or does PBL develop students’ LS or both? Some 
authors believe that LS determines student acceptance of PBL (Olsen and Welke 2008). 
Based on this idea it could be argued that some LS may lead to more success in PBL 
settings than others. 
Some research studies have concentrated on the relationship between LS and PBL. Most of 
them focused on health related areas, and diverse LS measuring instruments and used quite 
small and non-randomized samples.  
Groves (2005) classified 77 medical students according to their predominant LS and 
correlated it to the exam results. They not only found no correlation between students’ LS 
and their examination results but also noticed that students moved towards more superficial 
learning approaches during the period of study. This unexpected result contradicts previous 
conclusions on the effects of PBL on learning that indicate that students perform deep 
learning when they are engaged into PBL. 
Novak et al. (2006) tried to find out whether or not PBL could change pharmacy students’ LS. 
For a group of 118 pharmacy students, the authors obtained: a decrease in the scores of the 
 Participant LS students, that means students that are eager and take part in as much of the 
course activities as possible and an increase in the scores of the Avoidant LS students, that 
is the uninterested students. According to the authors, those unanticipated results may be a 
consequence of the difficulty in adapting to both the change in the most appropriate learning 
style when moving from didactic contexts to PBL environments and to group work, a way of 
working that was adopted in the PBL setting. 
A similar study, done by Baker et al. (2007) with 29 Nursing Master students, showed that 
two semesters of PBL instruction increased students’ preferences for the Kolb’s 
conceptualizing-experiencing pole, meaning that their learning preferences progressed 
towards abstract conceptualization and active experimentation. Therefore, opposite to the 
previous one, this study suggests that PBL may have a positive influence on the individuals’ 
preferred LS. 
Focusing on a wildlife ecology and management course, Powell (2009) studied the 
relationship between 41 students’ LS and their evaluations of PBL, with special reference to 
group work. He found that students with more active learning preferences found more value 
in group-work learning experiences while more reflective students felt frustrated with them. 
The results of this study are relevant for PBL as group work is a critical component of PBL 
courses. They suggest that active methodologies may not be equally suitable for all students. 
The fact that different studies used different LS instruments to collect their data together with 
the fact that the diverse LS instruments were not shown to be equivalent makes it difficult to 
securely compare results from different studies. Although the nature and size of the samples 
may impair results from being generalised and may partly explain some contradictions 
between results obtained with different studies, these studies may help to understand 
findings from similar studies dealing with science teaching contexts, as it is the case of the 
one reported in this paper.  
 
 
Methodology 
 
Data were collected from 31 ninth graders attending two classes of a secondary school in the 
North of Portugal.  Students’ ages ranged from 13 to 15 years, being 28 of them 14 years 
old. The majority of the students (61%) are female.  
These students learned the physical sciences topic Electric Circuits through a PBL approach 
as described above. They worked into small groups (3 or 4 elements) for a total of nine hours 
in class (plus homework). Activities started with a scenario under the format of newspaper 
news dealing with the replacement of the lights series in a Christmas tree in a well-known 
town. Students were asked to formulate questions about things related to the scenario that 
 they would like to know. These were discussed in class and an agreement on a set of 
problems to be solved was reached. Then students were asked to solve the problems. To 
accomplish this task they did literature search, internet search, lab activities, etc. In the end, 
each group presented the result to the class under the format of an oral presentation and 
submitted a group portfolio to the teacher. The result and products of group work on the 
problems was discussed for conceptual accuracy. 
Afterwards, subjects answered to a questionnaire on students’ reactions towards PBL and to 
another questionnaire on LS. The former is a 16 items five points Likert-type questionnaire 
that was developed for the purpose of this study. The latter one is a Portuguese version of 
the 80 items four points Likert-type CHAEA questionnaire (Alonso, Gallego, and Honey, 
1997) that had been previously translated to Portuguese by Miranda (2005). In order to 
assure data reliability, and due to the large number of items, the CHAEA questionnaire was 
divided into two parts (40 items each), handed out with an eight days interval, so that 
respondents did not get too tired. 
Data analysis being carried out included classification of students with regard to both their 
reactions towards PBL and their LS followed by the analysis of the relationship between the 
two. As far as data on reactions towards PBL are concerned, students’ scores were 
computed. They could range from 16 (16x1) to 80 (16x5). Missing values were made equal 
to the most frequent value of the subject. Each student’s opinion was computed and recoded 
as follows: excellent: 80-73 points; very good: 72-64 points; good: 63-56 points; moderate: 
55-48 points; poor: 47-16 points. With regard to LS, items were clustered by LS and 
students’ scores in each LS were computed. They could range from 20 (20x1) to 80 (20x4). 
Missing values were made equal to the most frequent value of the subject in the LS. Each 
student’s preference for each LS was computed and recoded as follows: very high 
preference: 80-71 points; high preference: 70-56 points; moderate preference: 55-45 points; 
low preference: 44-30 points; very low preference 29-20 points 
Students’ preferences towards the four learning styles were cross-tabulated with their 
opinions PBL. No further statistical analysis was done due to the reduced dimension of the 
sample. 
 
 
Results 
 
As far as LS are concerned, students did not show Very High or Very Low preferences for 
any of the LS. In fact, no student got scores higher that 70 or lower than 30 in any of the LS-
related sub-set of items. The majority of the students tended to show High preference for the 
Active LS (61,3%) and/or for the Reflective LS (54,8%). The majority also shows medium 
 preferences for Theoretical (61,3%) or Pragmatic (51,6%) LS. 
With regard to opinions on PBL, data show that only two students stated that PBL gave a 
Poor contribution to the development of the competences at stake, as they scored less than 
48 points. About 20% of the students stated that PBL gave Very Good or Excellent 
contributions to the development of the competences that were under consideration, as they 
scored above 63 points. About 40% of the students stated that PBL gave Good contributions 
to the development of the competences that were at stake as they scored between 63 and 
56 points. These results are in agreement with results from studies that show that some 
students enjoy PBL while others are not so enthusiastic about it. 
Tables 2 to 5 show the cross-analysis of students’ learning style preference and their 
opinions on PBL. 
 
 
Table 2: Students’ opinions on PBL versus their preferences for the Active LS 
Opinion on PBL 
contribution 
Active Learning Style 
Low Moderate High Total 
Poor 0 1 1 2 
Moderate 1 4 4 9 
Good 0 5 8 13 
Very Good 0 1 4 5 
Excellent 0 0 2 2 
 
 
 
Table 3: Students’ opinions on PBL versus their preferences for the Reflexive LS 
Opinion on PBL 
contribution 
Reflexive Learning Style 
Low Moderate High Total 
Poor 0 2 0 2 
Moderate 2 5 2 9 
Good 0 4 9 13 
Very Good 0 1 4 5 
Excellent 0 0 2 2 
 
 
Table 4: Students’ opinions on PBL versus their preferences for the Theoretical LS 
Opinion on PBL Theoretical Learning Style 
 contribution Low Moderate High Total 
Poor 1 1 0 2 
Moderate 1 6 2 9 
Good 0 9 4 13 
Very Good 0 3 2 5 
Excellent 0 0 2 2 
 
 
 
Table 5: Students’ opinions on PBL versus their preferences for the Pragmatic LS 
Opinion on PBL 
contribution 
Pragmatic Learning Style 
Low Moderate High Total 
Poor 0 2 0 2 
Moderate 1 4 4 9 
Good 0 8 5 13 
Very Good 0 2 3 5 
Excellent 0 0 2 2 
 
The reduced number of students and their dispersion for the diverse combinations of LS and 
opinions, make it difficult to find out patterns in the data obtained. However, some tendencies 
may be highlighted. Students with Excellent opinions on PBL show High preferences for 
active LS and reflexive LS. This result could be expected based on the characteristics of 
these two learning styles (as summarized in table 1) and on the requirements of PBL. This 
interpretation may be reinforced by the fact that students with Very Good opinions on PBL 
tend to show high preferences for the same LS, that is the active and the reflexive LS. 
Students with Good opinions on PBL tend to show: high preferences for Active and Reflexive 
LS; moderate preferences for Theoretical and Pragmatic LS. These results are partly in the 
line of the previous ones and they may also reinforce the idea that an opinion clearly 
favourable to PBL is associated with LS that are characterized by having creativity and 
imaginative ability (Reflexive) or ability to carry out plans and experiments (activist) as the 
main strength. In addition, they are consistent with those obtained by Baker et al. (2007) and 
Powell (2009) with older (university) students. Finally, it should be emphasised that an 
association between poor or moderate opinions on PBL and certain LS does not seem to 
emerge from this study. 
 
 
 Conclusions and implications 
 
Despite the limitations imposed by the reduced size of the sample, the results of this study 
seem to indicate that students with clearly good opinions on PBL tend to have Active or 
Reflexive LS. However, more research is needed in order to eventually find stronger support 
for this statement. Also, research is needed in order to deeper explore the possible 
association between poor or moderate opinions on PBL and certain LS.  
Despite the exploratory character of this study, their results may have some important 
implications for science teaching and science teacher education, namely with regard to 
putting PLB into practice. PBL requires students to imagine problem-solving strategies, to 
carry out plans to find out answers, and to draw conclusions, in an autonomous learning 
environment. Students that prefer the Reflexive and the Active Learning Styles (the majority 
in this study) may feel and reach good levels of success with PBL. Students with moderate 
preferences for the theoretical LS may feel it difficult to draw a conclusion or to reach the 
solution. Students with high preference for the pragmatic LS may feel uncomfortable with 
PBL because they value knowledge application rather than knowledge construction. Hence, 
as this teaching methodology matches certain learning styles better than others, teachers 
may need to find ways of attending to the diversity of their students’ LS, doing it either within 
a PBL approach (differentiating problems and/or tasks according to students’ LS) or using 
alternative teaching approaches in such a way as to attend to the different students’ needs 
as learners. 
Therefore, teacher education should prepare science teachers to deal with a diversity of 
ways of learning (LS) and to cope with students’ preferences for different learning 
approaches. It is our belief that PBL can be used with different students for the diversity of 
tasks and activities that it requires (Leite and Esteves in press) and for the support that the 
members of the working group can give to each other (Esteves 2006; Leite and Esteves, 
2009). Based on previous research (Baker et al. 2007), science education should also 
prepare teachers to help students to develop their LS, so that students can become more 
independent learners, as required by an ever-changing knowledge society. 
However, in mind the limitations of the studies reviewed as well as those of the present 
study, the relationship between LS and PBL needs to be further investigated in order to find 
out how science students with different LS preferences cope with the diverse tasks in a PBL 
sequence and whether PBL develops students’ preferred LS or whether success on PBL is 
rather determined by students’ LS. 
 
Note: This research was carried out within the scope of the Research Project “Science 
Education for Citizenship Through Problem-Based Learning” (PTDC/CPE-
 CED/108197/2008), funded by FCT within the scope of the Thematic Operational 
Programme Competitivity Factors (COMPETE) of the European Union Community 
Support Framework III co-funded by the European Regional Development Fund 
(ERDF/FEDER).  
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